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Effect of age and diabetes on type IV collagen and laminin in human
kidney cortex. Specific radioimmunoassays for the 7-S domain of type
IV collagen and the fragment P1 of laminin were used to quantify these
basement membrane proteins in human kidney cortex at different agcs
and in some patients with diabetes mellitus. The antigens were solubil-
ized by treating the tissue samples with the proteolytic enzymes
collagenase, trypsin and pepsin. Total collagen content (as indicated by
hydroxyproline concentration) increased with age, and the proportion
of the collagen that could be solubilized by any enzyme treatment
decreased. The type IV collagen concentration increased significantly
with age, whereas the laminin concentration tended to decrease. tn the
one case of a type I diabetic the amounts of both antigens exceeded
those in the age matched controls. In four type II diabetics the results
were comparable with those for other aged cases. The distribution of
the proteins was studied using the peroxidase—antiperoxidase method.
The staining intensity and thickness of both antigens increased with age
in the mesangium and Bowmans capsules, the change in type IV
collagen staining being more evident. In diabetic patients these changes
were more pronounced and other basement membranes appeared
thicker in the stainings. These results indicate that basement membrane
material accumulates in the kidney cortex during aging and that an
alteration takes place in the composition of the basement membranes,
the proportion of type IV collagen increasing and that of laminin
decreasing.
The glomerular basement membrane plays a major role in
glomerular filtration and is also involved in many renal diseases
[I], Thickening of the glomerular and the tubular basement
membranes are characteristic findings in diabetes [2], whereas
certain hereditary nephropathies are associated with an abnor-
mally thin or split glomerular basement membrane [31. Material
morphologieally similar to basement membrane also forms the
mesangial matrix in the glomeruli, the apparent amount of this
matrix increasing in diabetes, certain glomerulonephritides,
hypertensive syndromes of pregnancy, and the congenital ne-
phrotic syndrome of the Finnish type, for example. In the last
two cases, the similarity of this material to specific constituents
of basement membrane has recently been demonstrated by
means of immunohistochemical stainings [4, 5].
Chemically, basement membranes consist of several specific
proteins which have been characterized in recent years. The
most important constituent in quantitative terms is type IV
collagen, which is thought to form a network—like structure with
covalent linkages between the individual molecules at both their
aminoterminal and earhoxyterminal ends [6]. The specific
noncollagenous components include laminin, entactin (nidogen)
[7], and hepansn sulfate containing proteoglycans [3]. Fibronee-
tin is also found in many basement membranes, although it is
not limited to this location [3].
The chemical characterization of specific basement mem-
brane proteins also opens up new possibilities for direct quan-
tification of these structures in tissues. As basement mem-
branes are insoluble structures, a piece of tissue must be treated
with proteolytic enzymes in order to solubilize them, and the
concentration of basement membrane protein antigens that are
resistant to such treatment can subsequently be measured in the
soluble phase using specific radioimmunoassays. This approach
has so far been suggested for the quantification of type IV
collagen and laminin, proteins which both consist of several
domains with different functions and contain antigenic regions
which are relatively resistant to proteolysis [81.
So far, the only radioimmunological assessment of human
kidney basement membranes has been the demonstration of an
accumulation of type IV collagen in the congenital nephrotic
syndrome of the Finnish type [9]. The present study was
undertaken to define what changes take place in the concentra-
tions of type IV collagen and laminin in the human kidney
cortex with age. To accomplish this, optimal conditions were
developed for solubilizing the P1 domain of the laminin and the
7-S collagen domain of type IV collagen from human kidney
samples.
Methods
Kidney samples
Pieces of kidney were removed from 20 nondiabetic subjects
(aged two to 89 years; nine females and 11 males), one patient
with type I (juvenile onset) diabetes (aged 28 years; male), and
four patients with type II (maturity onset) diabetes (aged 63 to
81 years; three males, one female) at autopsy perlbrmed 24 to
72 hours after death. Except for the patient with type I diabetes,
there was no evidence of kidney disease. The samples were
stored frozen at —20°C until assayed.
Solubilization o.f type IV collagen and laminin related
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antigens by proteoly tic enzymes
Pieces of kidney cortex (about 200 mg wet wt) were homog-
enized in a Teflon/glass homogenizer in a cold (+4°C) solution
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(2 ml/100 mg tissue) of 1% Triton X-100, 10 mM EDTA, pH 7.2,
containing the proteinase inhibitors p-hydroxymercuribenzoate
(50 gIml) and phenylmethanesulfonyl fluoride (50 rg/ml), pH
7.2. The homogenate was centrifuged at 15000 g for 10 mm, the
supernatant was discarded and the precipitate washed once
with an equal volume of water. To optimize the solubilization
conditions, two to five kidney cortex samples representing
different age groups were digested with trypsin (TPCK-treated,
Worthington, Freehold, New Jersey, USA; 80 rg!100 mg of
tissue in 0.2 M ammonium bicarbonate), bacterial collagenase
(Sigma, type VII, Fraction A; 100 g/100 mg of tissue in 0.2 M
ammonium bicarbonate) or pepsin (Boehringer—Mannheim; 200
gI100 mg tissue in 0.5 M acetic acid, pH adjusted to 2.5 with
HC1). All digestions were performed in a water bath at +20°C
with agitation. The samples were then centrifuged and the
concentrations of fragments P1 of larninin [101 and 7-S domain
of type IV collagen [11] assayed in the supernatants determined
by radioimmunoassay.
After initial experiments the following scheme was estab-
lished for optimal solubilization. The washed pellets were
suspended in 0.2 M ammonium bicarbonate, pH 7.9 (2 ml/100
mg of tissue), and treated with collagenase for 24 hours, after
which trypsin was added and the incubation was continued for
48 hours. The reaction was stopped by adding soybean trypsin
inhibitor (160 gI100 mg of tissue). After centrifugation, the
concentration of laminin fragment P1 and 7-S collagen was
determined from the supernatant. The residues were further
digested with pepsin for 24 hours, and after another centrifuga-
tion the supernatants were lyophilized and solubilized in the
original volume of phosphate—buffered saline, pH 7.2, contain-
ing 0.04% Tween 20 for the 7-S collagen radioimmunoassay.
Radioimmunoassay and other assays
Hydroxyproline was measured by the method of Kivirikko,
Laitinen and Prockop [121 from the insoluble residues and
supernatants. The calculations to transform hydroxyproline
concentrations to collagen concentrations were based on the
assumption that collagen contains 15% hydroxyproline. The
radioimmunoassays were performed as described previously
[81. The P1 fragment of laminin was purified from human
placenta [101 and the 7-S domain of type IV collagen from
human kidney [11]. Antisera were made in rabbits. The results
were expressed in terms of the 7-S domain of type IV collagen
and fragment P1 of laminin. The concentrations of intact type
IV collagen and laminin were obtained by multiplying the
results by 6 [6, 11, 13] and 3.4 [10], respectively.
Histological analysis and immunohistochemical staining
Formalin fixed, paraffin embedded specimens taken from the
kidneys at autopsy were sectioned at 4 pm and stained wih
hematoxylin and eosin to check the absence of renal diseases
such as pyelonephritis or glomerulonephritis. Sections from
four patients representing different age groups and three cases
of diabetes were stained for type IV collagen and laminin as
described earlier using the peroxidase—antiperoxidase method
[5]. The antibodies were purified from the rabbit antisera
described above and purified by immunoabsorption on the
relevant antigens coupled to Sepharose 4B. The laminin P1
antibodies were cross—absorbed with 7-S collagen and vice
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Fig. 1A. Solubilization of laminin P1 antigen by pepsin from the kidney
cortex samples from a newborn (•) and 72-year—old individual (0). lB.
Solubilization of laminin P1 antigen by trypsin alone (1.5-year—old, •;
34-year--old, 0) or by trypsin after digestion with collagenase for 24
hours (1.5-year—old, A; 34-year--old, A).
versa. There was no cross—reaction between the antibodies in
radioimmunoassays.
Results
Solubilization of antigenic determinants of basement
membrane proteins from kidney cortex
In order to establish the optimal conditions for extracting
antigenic fragments of type IV collagen and laminin from
kidney cortex tissue, we first studied the liberation of 7-S
collagen and laminin P1 from pieces of kidney cortex as a
function of digestion time using either pepsin or trypsin alone,
or a combination of digestions with bacterial collagenase and
trypsin. When pepsin was used, a peak in the concentration of
laminin P1 in the supernatant was reached after about two
hours, with a slow decrease in the apparent concentration as the
incubation continued. Thus pepsin liberated laminin P1, but the
antigen was slowly degraded by the pepsin (Fig IA). The
concentration of laminin P1 in the supernatant increased rapidly
for about six hours under both other treatments, and more
slowly thereafter (Fig. lB). The total amount of this antigen that
could be detected was nevertheless very much larger when the
trypsin digestion had been preceded by treatment of the sam-
ples with bacterial collagenase. This difference was particularly
pronounced in the samples from older patients (Fig lB).
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Fig. 2A. ho/uhthzaiion of the 7—S domain of type IV collagen by pepsin
from the kidney cortex samples from a newborn (•) and 72-year—old
indiridual (C). 2B. Soluhilization of the 7-S domain of type IV collagen
by trypsin alone (34-year—old. •; 72-year—old, C) or by trypsin after
digestion with collagenase for 24 hours (34-year—old, A; 72-year—old.
A).
Table 1. Solubilization of the laminin P1 fragment and the 7-S domain
of type IV collagen by dilierent enzyme treatments.'
Laniinin P1 7-S collagen
ng/mg wet tissue weight ng/mg wet tissue weight
Sample number collagenase collagenase
(age) trypsin pepsin trypsin pepsin
I (3 years) 94(79%) 19 (21%) 286(13%) 1880(87%)
2 (64 years) 243 (96%) 11(4%) 474 (20%) 1919 (80%)
Ii parenthesis the results are expressed as percentage of total
soluEilizable antigen.
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Fig. 3. The concentrations of type IV collagen (A) and laminin (B) and
the ratio of type IV collagen:larninin (C) in human kidney cortex as a
Junction of age. (•, healthy patients; 0, diabetic patients). The lines
drawn represent linear regression analyses of the results without the
diabetic patients (A: Y = 2.2 + 0.23 X, r 0,54, P <0.01; B: Y 0.35
— 0.001 X, r = — 0.18, not significant; C: Y 4.3 0.58 X, r = 0.67.
P < 0.01).
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The 7-S collagen domain of type IV collagen was resistant to
pepsin, and increasing concentrations were found in the super-
natants with pepsin treatments up to 24 hours (Fig. 2A).
Combined digestion with bacterial collagenase and trypsin
provided maximal extraction after about 6 to 24 hours of trypsin
treatment (Fig. 2B). Collagenase improved the effectiveness of
trypsin, to the extent that the net increase was larger than with
trypsin alone. This increase was larger in the older cases, but
most of the hydroxyproline still remained in the insoluble
residue. Collagenase and trypsin were evidently not capable of
digesting all the type IV collagen present in the tissue. The
insoluble material remaining after collagenase and trypsin di-
gestion was, therefore, further treated with pepsin, which
rendered 56 to 89% of total amount of type IV collagen
extractable with these three enzyme treatments soluble, the
increase again being larger at greater ages. Only 4 to 23% more
laminin was solubilized with pepsin (1'able 1). Nineteen to 70%
of total collagen was still not solubilized after all the enzyme
treatments, however, the proportion increasing with age.
The amount of laminin showed a slight decrease with age, hut
the change was not significant (Fig. 3A). The amount of type IV
collagen increased significantly with age (Fig. 3B) and conse-
quently the ratio laminin; type IV collagen changed significantly
(Fig. 3C). Type tV collagen was calculated to amount to 22 to
55% of total collagen, without any notable age—related changes,
since the total hydroxyproline content increased concomitantly
with age.
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The values for both type IV collagen and laminin in the type
II diabetic patients did not differ from the others in the same age
group (Fig. 3), but the concentrations of both basement mem-
brane components in the type I diabetic case were much higher
than in the age—matched controls (Fig 3), although the ratio
between the components was normal. The coefficient of inter-
assay variation between samples from the same digested kidney
specimen was less than 16% and that between different diges-
tions and different assays from the same kidney less than 29%.
Immunohistochemical stainings
The distributions of laminin and type IV collagen were
similar. The staining pattern of glomerular or tubular basement
membranes did not change detectably with age in the normal
cases, but thickened tubular basement membranes were present
in scarred areas occurring in older patients and stained more
intensively and thickly for type IV collagen. Hyalinized
glomeruli stained diffusely for both antigens in older individu-
als. Somewhat stronger staining was present in mesangial areas
in older patients, the change being more distinct in type IV
collagen, and the type IV collagen staining pattern in the
Bowmans capsule was also more intense and broader than that
of laminin in the older patients. Intimal thickening of the
arteries, which was present in the older individuals, showed
positive lamellar staining, but there were no detectable differ-
ences in the staining patterns of cases with high or low values of
basement membrane components for their age. The tubular,
glomerular, and blood vessel basement membranes of the
diabetic patients appeared thicker in the immunohistological
stainings. Broadened, homogenous acidophilic mesangeal areas
stained diffusely for both antigens (Fig 4).
Discussion
It has long been evident that changes take place in basement
membranes with aging. Glomerular basement membranes in
man thicken up to the age of three years [14], whereas tubular
basement membranes thicken continually after the age of 50
years [15], and continuous thickening of other capillary and
epithelial basement membranes has also been found [161. Base-
ment membranes from adults have been reported to contain
more hydroxyproline and hydroxylysine than those isolated
from younger individuals, indicating an increasing proportion of
collagen in the basement membrane [17—191. Basement mem-
brane preparations may be contaminated with interstitial
collagens, however, which contain the same modified amino
acids. In addition, the post-translational modifications of the
collagen chains can vary in extent in different situations, and
thus an estimate of type IV collagen concentration that is based
on post-translationally modified amino acids cannot be consid-
ered optimal. The present study demonstrates another ap-
proach for assessing the type IV collagen concentration in
human kidney, the use of a specific radioimmunoassay. This
type of assay can also be applied to other basement membrane
constitutients, such as larninin, which lack post-translationally
modified marker amino acids.
The concentration of type IV collagen was found here to
increase with age in human kidney cortex, whereas that of
laminin slightly decreased, indicating an overall change in the
chemical composition of basement membranes. The proportion
of type IV collagen to total collagen in the cortex remained
unaltered, indicating a simultaneous accumulation of interstitial
collagens as well. The proportion of type IV collagen observed
here is in good agreement with the figure of 30% suggested on
the basis of 3-hydroxyproline and 4-hydroxyproline determina-
tions for human kidney cortex [201. The corresponding value in
rats, measured with radioimmunoassays after a slightly dif-
ferent enzyme treatment, was 15% [8].
It is evident that the optimal conditions for liberating laminin
antigens from kidney cortex for measurement purposes are
different from those which are optimal for type IV collagen
measurement. This aspect has not been studied previously with
human tissue samples, but must be taken into account if
conclusions are to be drawn regarding the relationship between
these basement membrane components. The liberation kinetics
are also different, more laminin being liberated by the initial
digestions with collagenase and trypsin.
The more extensive cross—linking of collagen with age is
reflected here in the fact that increasing amounts of hydroxy-
proline remained in the residue after three enzyme digestions.
Pretreatment with bacterial collagenase increased the effective-
ness of subsequent trypsin digestion, especially in samples from
older patients. This may also be related to the increased
concentration of interstitial collagens in the older samples. It
has been shown previously that the solubility of rat glomerular
basement membrane in sodium dodecyl sulphate (SDS) and
2-mercaptoethanol decreases with age [21]. Also, the solubility
of human tubular and glomerular basement membranes in SDS
and dithiothreitol was lower in adults than in infants [22]. The
7-S domain of type IV collagen isolated from human kidney
cortex was more extensively cross—linked with non-reducible
bonds than that isolated from human placenta [11].
The concentrations of basement membrane antigens and
collagen in elderly diabetics with type II diabetes mellitus were
similar to those found in age matched controls. The changes in
the solubility characteristics and browning of collagen, which
are suggested to be caused by non-enzymatic glycosylation,
differ from those in the age matched controls only in the case of
relatively young diabetic patients [231. The concentrations of
both basement membrane proteins in the only juvenile diabetic
included in this series were similarly higher than in the controls.
Immunohistochemical stainings show an accumulation of
type IV collagen and laminin with aging, occurring in locations
where basement membranes are normally present. Accumula-
tion is most pronounced in the mesangium and in Bowman's
capsule. Basement membrane proteins remain in scarred areas
both in glomeruli and around tubules, and an increase in
basement membrane material seems to occur in atherosclerotic
arteries. In diabetics, the generally thickened basement mem-
branes contain both laminin and type IV collagen and these
antigens are present in the widened mesangium, as described by
Bruneval et al [24].
The mechanisms responsible for basement membrane
collagen accumulation with age are not clear. In rats decreased
catabolism [25], synthesis [26], and turnover of basement
membrane material [271 with age have been reported.
The use of radioimmunoassays for human type IV collagen
and laminin is a novel way of assessing the amounts of these
proteins in tissue. The feasibility of this approach to disease
states has also been demonstrated preliminarily [9], but it is
essential to ensure optimal solubilization of the components in
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Fig. 4. Sections of human kidney cortex stained for type IV coIIaen (A, C, F) and Ia,ninin (B, I), F). A and B are from a 18-year—old, C and 1)
from a 71-year—old, and E and F are from a type I diabetic, aged 28 years. Slightly accentuated staining of type IV collagen is present in the
mesangium and Bowmans capsule of the 71-year—old individual (C). All the basement membrane in diabetic the kidney are irregularly thickened
and basement membi-ane proteins are present in the widened mesangcal areas (E, F). Magnification X 180.
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each new tissue and species studied. This method can also be
adapted to study of isolated components of kidney cortex, such
as glomerular and tubular basement membranes separated by
sieving technique [22]. However, sieving procedure may cause
losses of especially those components of basement membrane,
which are external to the membrane or more soluble than the
collagenous parts.
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